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MEMORANDUM FOR F I L E  

I n  an e f f o r t  t o  shed  f u r t h e r  l i g h t  on t h e  d i f f e r e n c e s  
be tween t h e  Apo l lo  ''C" and  AAP m i s s i o n  RCS p r o p e l l a n t  b u d g e t s  
f o r  rendezvous  ( R e f e r e n c e  11, D. A .  De Graaf and  t h e  a u t h o r  m e t  
a t  MSC on J u l y  1 0  w i t h  E .  D .  Murrah, G .  L .  Hunt ,  Mrs. C .  T .  
Osgood, S .  P .  Condon, and  K .  A .  Young of t h e  M i s s i o n  P l a n n i n g  
and  A n a l y s i s  D i v i s i o n  ( M P A D )  and H .  E .  W h i t a c r e  o f  t h e  MSC 
A p o l l o  A p p l i c a t i o n s  Program O f f i c e  and on J u l y  11 w i t h  R .  H .  
Brown and D .  A .  Nelson  of MPAD. 

I t  became c l e a r  d u r i n g  t h e  d i s c u s s i o n s  t h a t  r endezvous  
p r o p e l l a n t  b u d g e t i n g  i s  n o t  a n  e x a c t  s c i e n c e .  G e n e r a l l y  s p e a k i n g ,  
it i s  a q u e s t i o n  of judgment  on t h e  p a r t  of  t h e  b u d g e t  maker as 
t o  how t h e  Gemini f l i g h t  e x p e r i e n c e  and Apo l lo  man-in- the- loop 
s i m u l a t i o n  r e s u l t s  s h o u l d  be a p p l i e d  t o  a g i v e n  p l a n  for f u t u r e  
f l i g h t .  U n f o r t u n a t e l y ,  t h e  number of  a c t u a l  Gemini r endezvous  
were t o o  f e w  t o  g e n e r a t e  good s t a t i s t i c a l  d a t a  and  v a l i d  s i m u -  
l a t i o n  da ta  i s  a p p a r e n t l y  n o t  much more p l e n t i f u l .  

E x p e r i e n c e  i n d i c a t e s  t h a t  t h e  t e r m i n a l  p h a s e  i n i t i a t i o n  
( T P I )  b u r n  r e q u i r e d  i s  u s u a l l y  c l o s e  t o  t h e  t h e o r e t i c a l  v a l u e .  
The m a j o r  budge t  i s s u e  t h e r e f o r e  becomes t h e  p r o p e l l a n t  r e q u i r e d  

maneuvers  normal  t o  l i n e  of  s i g h t  and  f i n a l  b r a k i n g .  Each p e r s o n  
i n  t h e  b u s i n e s s  seems t o  have  some " r u l e  o f  thumb" t o  make t h i s  
d e t e r m i n a t i o n .  For example ,  based  on h i s  a n a l y s i s  o f  Gemini re -  
s u l t s  and  t h e  s i m u l a t i o n s ,  Don Ne l son ,  who does  t h e  RCS b u d g e t i n g  
f o r  Apo l lo ,  s a y s  f o r  a f fnominal f '  r e n d e z v o u s ,  pos t -TPI  r e q u i r e -  
ments  e q u a l  about  2 . 5  t imes t h e  T P I  r e q u i r e m e n t ;  "wors t  c a s e "  
r e q u i r e m e n t s  w i l l  p r o b a b l y  be  as h i g h  as s i x  t imes T P I .  O t h e r s  
p r e f e r  t o  use  a m u l t i p l i c a t i v e  f a c t o r  p l u s  a cons t an t ,  p d d i t i v e  
t e r m .  Most o f  these  a p p r o a c h e s  seem t o  r e s u l t  i n  s imilar  p ro -  
p e l l a n t  consumption p r e d i c t i o n s  b u t  t h e y  canno t  be compared 
m e a n i n g f u l l y  b y  u s i n g  s t a t i s t i c a l  s t a t e m e n t s  s u c h  as " t h i s  one 
i s  a mean v a l u e "  or " t h a t  one i s  a mean p l u s  one s igma" ,  e t c .  

I PAn - < A  , l l r u - ~ ~ u r s e  c o r r e c t i o n s ,  diiitude c u r l i r a u i  d u r i n g  c e r m i n a i  pnase ,  
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With r e s p e c t  t o  t h e  comparison be tween A p o l l o  "C" 
and t h e  AAP CM/SM r e n d e z v o u s ,  i t  was p o i n t e d  o u t  t h a t  t h e r e  a r e  
d i f f e r e n c e s  i n  t h e  t r a j e c t o r y  geometry :  

Apol lo  I 'C "  AAP-1 

Ah 
u t  

Av: T P I  
TPF 

7.64 nm 
1 4 0 . 7 O  

1 6 . 8  f p s  
1 7 . 3  f p s  

9 . 8 3  nm 
130' 

2 1 . 6  f p s  
2 6 . 6  f p s  

TOTAL 34 .1  f p s  4 8 . 2  f p s  

Although a n a l y s e s  i n d i c a t e d  Ah = 1 0  nm t o  be  optimum 
f o r  c o n t r o l l i n g  c o e l l i p t i c  r endezvous ,  t h e  Apo l lo  ' ' C "  Ah was r e -  
duced t o  e n s u r e  t h a t  t h e  S-IVB would be  v i s i b l e  (at t h e  t i m e  
t h i s  m i s s i o n  was p l a n n e d ,  no  l i g h t s  were c a r r i e d  on t h e  S-IVB 
s t a g e ) .  Apo l lo  " C "  h a s  been  p lanned  f o r  t h e  140" t r a n s f e r  a n g l e  
used  i n  Gemini.  Subsequen t  a n a l y s i s  h a s  shown t h a t  a 130" t r a n s -  
f e r  a n g l e  p roduces  b e t t e r  LOS r a t e s ,  i . e . ,  an  LOS r a t e  n e a r  z e r o  
for a l o n g e r  p e r i o d  n e a r  TPF. Thus,  w h i l e  t h e  t h e o r e t i c a l  Av 
f o r  t h e  AAP r endezvous  i s  h i g h e r  t h a n  A p o l l o ,  d i s p e r s i o n s  s h o u l d  
be  l ess  s i n c e  t h e  A A P  rendezvous  p a r a m e t e r s  Ah a n d  u t  are  
p l a n n e d  f o r  optimum v a l u e s  a c c o r d i n g  to c u r r e n t  a n a l y s e s  and 
s i m u l a t i o n s .  

The Apollo r 'C ' f  rendezvous  t e m i n a l  p h a s e  R C S  budge t  
total as d e t a i l e d  i n  R e f e r e n c e  2 i s  v e r y  c l o s e  t o  wha t  one 
would p r e d i c t  u s i n g  Don N e l s o n ' s  " r u l e  of thumb" men t ioned  
above .  A s imi la r  c a l c u l a t i o n  for t h e  AAP-1 c a s e  y i e l d s  a r e -  
q u i r e m e n t  f o r  336 l b s  of RCS p r o p e l l a n t  compared w i t h  435 l b s  
c u r r e n t l y  b u d g e t e d .  T h i s  " e x t r a "  1 0 0  l b s  p l u s  a q u a n t i t y  
l o  = 88  l b s  RSS'd w i t h  l o  v a l u e s  for t h e  o t h e r  meneuvers i s  
i n c l u d e d  t o  c o r r e c t  p o s s i b l e  t r a j e c t o r y  a n d / o r  s y s t e m s  d i s p e r -  
s i o n s .  The A p o l l o  r r C r '  budge t  h a s  no  s p e c i f i c  p r o v i s i o n s  f o r  
d i s p e r s i o n s .  About 60  lbs of p r o p e l l a n t  a r e  a v a i l a b l e  b u t  
n o t  b u d g e t e d  f o r  any p a r t i c u l a r  maneuvers .  I t  was emphas ized  
s e v e r a l  t i m e s  t ha t  t h e  rendezvous  i s  a much less s i g n i f i c a n t  

t h e  A p o l l o  m i s s i o n  a f l i g h t  c o n t r o l  RCS r e d l i n e  w i l l  be estab-  
l i s h e d  as a m i s s i o n  rule. If the p r o p e l l a n t  consumpt ion  d u r i n g  
t h e  r e n d e z v o u s  e x c e e d s  t h e  r e d l i n e  v a l u e ,  t h e  r endezvous  w i l l  
be t e r m i n a t e d .  On t h e  AAP m i s s i o n s ,  o f  c o u r s e ,  r endezvous  
f a i l u r e  p r e c l u d e s  m i s s i o n  success.  T h e r e f o r e ,  A A P  must pro-  
v i d e  f o r  more d i s p e r s e d  cases. The e x t e n t  to which this i s  
done i s  a matter of judgment on t h e  p a r t  of t h e  mission plannors. 

= 2 r t  cf t h e  A p c l l c  "C" mlssion thar ,  of the AA? mission. n- ull 
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Pe rhaps  a b e t t e r  comparison w i t h  t h e  A A P  r endezvous  
r e q u i r e m e n t s  may be made by c o n s i d e r i n g  a v e r s i o n  o f  Apo l lo  IrD" 

m i s s i o n  i n  which t h e  CM/SM and LM, h a v i n g  been  l a u n c h e d  t o g e t h e r  
i n t o  e a r t h  o r b i t  on AS503, S e p a r a t e  and f l y  some d i s t a n c e  a p a r t .  
Rendezvous i s  t h e n  accompl i shed  w i t h  t h e  CM/SM r a t h e r  t h a n  t h e  
LM as t h e  a c t i v e  v e h i c l e .  Reference  3 c o n t a i n s  an es t imate  of 
t h e  SM RCS p r o p e l l a n t  r e q u i r e m e n t s  for s u c h  a m i s s i o n .  For  t h e  
r endezvous  p o r t i o n  of t h e  budge t ,  d a t a  was t a k e n  d i r e c t l y  from 
R e f e r e n c e  4 and i s  q u o t e d  be low:  

T P I  Maneuver 2 1  f p s  a 4  l b s  

I m p u l s i v e  TPF Maneuver 2 4  f p s  96 l b s  

85 l b s  P o s t  T P I  A t t i t u d e  C o n t r o l  --- 

P e n a l t y  f o r  la V e l o c i t y  E r r o r s  56 f p s  224 l b s  

l a  TOTAL 

A d d i t i o n a l  p e n a l t y  for 
3a V e l o c i t y  Errors 

3a  TOTAL 

489 l b s  

80 f p s  3 2 0  l b s  

809 l b s  

I t  s h o u l d  b e  n o t e d  t h a t  t h e  "1u T o t a l "  a p p e a r s  to be comparable  
t o  t h e  A A P  budge ted  v a l u e  of 435 l b s  when t h e  a p p r o p r i a t e  Av-to- 
p r o p e l l a n t  c a l c u l a t i o n  i s  made  f o r  A A ? .  

I n  summary, rendezvous  p r o p e l l a n t  b u d g e t i n g  a p p e a r s  to 
be  l a r g e l y  a q u e s t i o n  of  a n a l y s i s  tempered  b y  e n g i n e e r i n g  judg-  
l l l c l ~ b  a> i o  h o w  Gemini a n a  s i m u l a t i o n  r e s u l t s  s h o u l d  be  a p p l i e d  
t o  a g i v e n  s i t u a t i o n .  P r e s e n t  AAP r endezvous  b u d g e t s  do no t  
a p p e a r  t o  be  u n r e a s o n a b l e  when t h e  i m p o r t a n c e  of t h e  rendezvous  
to m i s s i o n  s u c c e s s  i s  c o n s i d e r e d .  F u r t h e r  r e f i n e m e n t s  must 
await e x t e n s i v e  new s i m u l a t i o n s  a n d A a r l y  Apo l lo  m i s s i o n  r e s u l t s .  

"..--.J- - -  
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